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A CLORE OP POPBLE-STRAHDEP RWA VIMS 
AKD APPLICATIQgS THEREOF 

.this Is a continnatioB in part of the pendlae 
application Serial Knnber 07/169,486 filed Karch 17, 1986. 

The present invention is related generally to the field 
of . genetic engineering. More particularly, the present 
Invention is related to providing a cDSA clone of the double* 
stranded RKA genome of a yeast virus and various applications 
of the clone. 

Viruses use a wide variety of strategies to replicate 
and differentially express the proteins they encode. 
Retroviruses, double-stranded ERA (dsRNA) viruses and 
strand RKA viruses including Picornaviruses and Togaviruses, 
have in coanon their, use of genonic ('f ) strand RNA as a 
.template for replication and as a message for protein 
synthesis. Thus » Mhile DNA viruses and (-) strand RNA 
viruses use splicing of uRNA to produce, in different' 
amounts, proteins sharing part of their sequence (Livingston 
et al. 1985, Replication of Papovaviruses . In Virology, B*C* 
Fields, ed.. New York: Raven Press, pp. 393-410; Borwitz, 
1985, Adenoviruses and their replication. In Virology, B, K. 
Fields, ed, ileir York: Raven Press, pp. 433-476; Kingsbury, 
1985, Orthomyxo** and Paramyxoviruses and their replication. 
In Virology, B.N. Fields, ed., Nem York: Raven Press, pp. 
1157-1178), splicing is unknown among {*) strand RKA viruses 
and dsRNA viruses, probably because the spliced RNA would be 
packaged and replicated leading to the accumulation of 
defective viruses. Retroviruses splice their genoaic RKA to 
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make* the esv protein » bat the epirlced ESA lacks the Pel 
eeqaence neoess&ry for packa^in^ (tfatanabe et al« 1983* Xol > 
Cell. "Biol , 3:2241-2249; Mann et al. 1983. Cell 3SilSd*159: 
Xarkoirlts et al, ;1988, J, Virol 62:1120-1124). In addition. 

retroirlraseB nsa rlbosonal f raaeishif tine to make a laree 

* 

V* 

asonat' el the 'ea^ protein and a snail anount of the sag-pol 

* 

fusion protein (Jaoks et al« 1986. Cell 55x447-456). Marine 
lenkevia vims (Varans, 1966. Science 240:1427-1435) and' two 
o virvses . (Strauss et al. 1983, Proc. igatl. Aead. Sci. PSA 
60:5271-527^) uss nonsense suppression in the sane way* The 
rates of transcription and translation of different reovirns . 
dsRNA, sesaents vary over a ranes of nore than 20»fold to give 
overall rates of expression that vary over 400-fold (Jokllk. 
1981. Microbiol Rev . 45:483-501). 

L-A is a dsRKA virus of Sacchar payees cerevisiae . L-A 

V- ... 

replicates by a conservative nechanlsn. with (-f) strands nade 
by transcrip.tion of dsRNA and (-) strands then nade by 
copying the- (♦)':. strandv -to fora dsRNA again (sequential 

m 

\ 

synthesis) (Ri»wnan et al. 1981, J. Virol 36:263-271; Sclafani 

et al, 1964, Mol . Cell. Biol . 4:1616-1626; Newaan etal, 

1966, the replication of dsRKA. In Extrachronosomal Genetic 

Elenents in' Lower Eukaryotes, R. B. Wlckner. A. Binebusch. A. 

M. Lanbowltz. I. C. Gunsalus, A* Hollaender, eds., Rew York: 

Plenun'Prass. .pp. 173-187: Pujiaura et al. 1986. Proc. Natl. 

Acad. Sci. PSA 83:4433-4437)* (♦) single-stranded RKA 

• * • ... 
(ssRNA) is packaged in a new coat to fern new viral particles 
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(FoJlBiira et al» 1986, anora : Fujianra at al» ie87» Xol . 
Cell> Biol . 7:420-426). Both {^) and («) atrands are 
ayntheaised within viral particles, and because the size of 
the heads appears to be desliraed to oontaln one L^A nolecnle 
(4.6 kb), dsRNAs less than half the size of L-A replicate 
wlthia the head nntil they fill it with aultiple copies. 

The 4.6 kb L-A dsMA irftnoae with a coding capseity of 
about 160 kDa encodes both the 80 kDa major coat protein 
(over 100 aolecnles per viral particle) and a 180 kOa ninor 
viral protein (about 1 nolecale per- particle). The 180 kDa 
protein shares ipnnnodeterninants with the najor coat protein 
• and, nnlike the najor coat protein. has ssRKA-hlndins 

m 

activity which could play a role in both packaging and 
replication. L-A carries several genetic activities* called 
[HOX], [XEX]* [£XL] and [B] defined by the interactions of 
L-A with X dsRKA (see review by Nickner, 1986, Ann. Rev. 
Biochen. 55: 873*395: Uenura et al. 1988. Mol. Cell. Biol . 
8:938-944). is a dsRCA.-that encodes a secreted toxin and 

iwnnaity to the toxin (Bnesey. 1988. Yeast 4:17-26) and uses 
the sane particles as I*-A for replication. Although both L-A 
and Mm are affected by a variety of chroaosonal genes, only 
three of the genes required for the uaintenance of Hx (NAK3. 
XAXIO. and FET18) are necessary for the maintenance of I**A 

< 

(see review by frickner. 1986, supra K A deletion uutant of 
t-A. called X dsRHA. requires most, if not all. of the MAX 
genes (Esteban et al, 1988, J. Virol. 62:1276-1285) • 
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In order to dflktersliie how both the 80 kDa and 180 kBa 
viral protftins can be encoded by the 4.8 kb L-A soleenle and 
to stoay their ditfereatial espressioa* strnetare. fttnotion, 
and relatioa to . the. renetio aotivitiee of L-A, it was 

deeirable to • clotte aa4 eequeaee the Ii«-A ceBoae» such a clone 

• •*.' * * 

not her.etof.ore belne available* 

SOKMARY OP THE lyVEyTIOg 
. It'ie, therefore, an object of the present invention to 
provide a * edbetantially conplete cDKA clone of the t-A viral 
venose of S. cerevislate . 

It is anpther object of the present invention to provide 
a yeast test system for identifying factors inflnencing or 
controlling the ^1 ribosoaal fraaeshif ting event that occurs 
daring gag-pol fnsion protein synthesis in retrovirases 
including BIVv - 

It is ,a . fjnrther object of the present invention to 
provide a . new ireaat 'based vector for preparing particle- 
inaobilised.- antigens * for . inducing iuanb response in a 

• * * 

t. 

responsive- hoftt. * - 

It is yet -'another object of the present invention to 
provide a stable » .reeoabinant cDBA clone of L'-A at a copy 
nnaber of at least about 10,000 per cell to produce a desired 
protein in JLarge 'kaonnts. 

Other objecte and advantages of the present invention 
will becoae evident froa the following detailed description 
of the invention. 
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BRIEF DESCRIPTIok OP THE DRAWIKOS 
These and other objects, feat^ures and many of the* 
attendant advantaees of the invention will be better 
understood npon a .rendlae of the folloMins detailed 
description when considered in connection with the 
aoconpanyinff dravlnes wherein: 

Fiffore 1 shows a snnnarp of the overall strocture of the 
L-A i:enoae. The two open reading franes, ORFi and 0RF2 
encode the two products of the L-A genome, the najor coat 
protein of the viral particles and the chinerle protein 
having a nalor coat protein donain and a slpgle-stranded RKA 
bindlng^RNA polyaerase donain. 

Figure 2 shows .the conplete sequence of the L-A genone 
and specific features thereof. . inclnding possible 
franeshif ting. sequences near base 2000. 

Figure 8 shows the similarity between the sequences of 
HIV-i and RSV that are.- known to produce ribosomal 
fraaeshifting and sequences in L*A in the 130 base region of 
overlap of ORFl and 0RF2. 

Figure 4 shows the homology between L-A*s 0RF2 and the 
RKA-dependent RKA polymerase genes of a number of RBA viruses 
that allowed the identification of the 180 kOa protein as the 
L-A RRA polymerase* 

Figore b shows the schematic design of a frameshift 
vector based on the frameshift sequences of the L-A virus. 
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Flenre 6 shows eonstmots asefal ^or produolne particles 
oa'rryln^ aiiltlple copies of a protein antleon on Its snrface 

* 

for l-ndoclne an laBune response. 

Plgore 7 shows the - nse of a vector to support the 
replication and Increase the copy number of the X dsRSA-based 
expresjslon vector. ' 

DETAILED DESCRIPTI03I OP THE ISVEyTIOS 
Tlie above and variona other objects and advantages of 
the present Invention are achieved by a cDKA clone of the L*A 
viral genoae of s,. cerevlslae . 

Unless deflMd otberitlse. all technical and scientific 
terns need herein have the sane aeanlng as cbnnonly 
understood by one of ordinary skill In the art to which this 
Invention belones. • Althongh any nethods and Materials - 
slBllar or equivalent to those described herein can be used 
In the practice . or testing of the present invention, the 
preferred methods and materials are now described. All 
publications mentioned hereunder are Incorporated herein by 
referehce. Unless mentioned otherwise, the techniques 
employed herein are standard methodologies well known to one 
of.^rdlnary skill In the art. 

The term '"substantially complete" cDNA clone, as used 

• • • 

herelm, means', that the clone has the complete nucleotide 
sequence of the :l*A viral genome except for a few bases at 
each*. end which, however, are easily repaired by using 

• * 

oligonucleotide mutagenesis. 
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The tera '"■odlfJed" cDNA as used herein aeana (1) 
modified to inclade the sequeace encodiae the protela whose 
prodactloa is desired; (2) aodlfied to place the appropriate 
region with this encodina sequence downstreaa from a suitable 
proBoter and upstream from a suitable transcription 
terminator; (3) modified In a suitable region to optimixe the 
aaount of transcript production by t-A (with the protein 
coding sequence); (4) aodlfied to optimize the lev^l of 
translation of the mRKA produced by t-A; (5) modified to 
result in secretion of the synthesized protein; Cd) modified 
to include a multiple cloning site in an appropriate' region, 
and the like. 

MATERIALS AND METHODS 

Materials 

M-MtV reverse transcriptase. RNase H, and DSA polymerase 
I mere obtained as a kit froa Bethesda Research Laboratories. 
Exonuclease III« and 51 nuclease were from Promega Biotec. 
Modified T7 DKA polymerase (Sequenase) and T4 polynuoleotide 
kinase ware from United States Biochemical. Other enzymes 
and substrates were obtained from Bethesda Research 
Laboratories « New England Biolabs, Mew England Nuclear, LBX* 
Pharmacia or Boehrlnger Mannheim. 

Saceharomyees cerevislae strain RE58 (a argl*l ski2-2 
L-'A-HKB [D] L-BC M) was used as a source of VLPs. This 
strain contains a variant of L-A, L-A'-BNB, which results In 
high levels of L-A viral particles (Demure et aX» 10S6« Mol. 
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Cell Biol , 8:9S8«^944). This strain has no M» killer dsRKA. 
which* It ' present, would atronely repress L-A replication* 
and th*e chroKosowal 8kl2-2 nutation also contributes to the 

■ 

higher yield of VIiPv. Escherichia coll strains* DH5a (F~, 
endAl* h8dR17(r** mr\, supeii* thl-1* ~, recAl, nrA96> 
relAl*. (areF-lacZYA)0169» 08OlacZ X15> and DHSaF** were from - 
Bethesda Research Laboratories. Plasnid SR^* SR~* and N13- 
helper phage,' R408, were fron Stratagene. 
Constractlon of-'cDKA Clone 

L-A cONA w&s synthesized using (+) strand nessage of L* 
A* synthesized la vitro, as a tenplate. L-A- VLPs were 
prepared Xros strain RE59 as described by Fojlnnra et al* 
1986. Proc. rati.- Acad. Scl. USA 83:4433-4437« except that 
the concentration' of .HaCl in the extraction buffer (buffer A) 
was raised to 500 bM to stabilize particles* and CsCl density 
gradient centrif ugation was performed twice* L-^A strand 
RKA was synthesized froa the purified VLPs as described by 
Welsh et ai; 1080, yueleic Acids Res . 8:2349-2863. To obtain 
the highest yield of the product per template in a 200pl 
reaction volume* each substrate (RTP) concentration was 
raised to 1.5 mN and the MgCl* concentration was adjusted t6 
10 »M. After 90 minutes incubation at 30«C* the reaction was 
stopped by phenol, and then standard phenol-chloroform 
extraction followed; After ethanol precipitation* the 
mixture of L-A ssRSA and dsRKA was used directly as a 
template for the nDHA synthesis without further manipulation. 
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The presence of dsRHA interferes nelthe.r iritli eDRA synthesis 
nor with the ligation reaction* 

Two synthetic priners. 0CATAT6G6TAATTCCCATTATCTTTTT6GC 
(PRIXBR I) and QAAAAATTTTTAAATTCATATAACTCCCC (PRXKER II). 
*ere used to synthesise L-A cDHA. These priner sequences 
were based on the 8* and 9* terminal seqaeaces of L*A dsRXA 
(Thiele et al. 1884» Mol. Cell, Biol . 4:92-100). The 5'- 
tenini of these priners were pbospherylated by T4 
polynncleotide kinase. The first strand was synthesized with 
n^MLV reverse transcriptase fol-lowinff the Manufacturer's 
protocol » except that olipo dT was replaced by the primer I. 
After the first strand synthesis, the primer II was included 
in the reaction aixture. annealed, and the second strand 
synthesis was perforned usinjp DKA polynerase I with RKaseB. 
This use of the second priaer allowed us to generate cDNA 
having an intact 5* --end* Ko labeled nucleotide was used at 
any point in the reaction process. The reaction was 
terainated by a phenol extraction and the full sise oDKA 
which runs at the saae position as dsRKA was purified froa a 
preparative aaarose pel usinc DBAE-oellulose paper. The sise 
fractionated cDNA was lisated into the SaaX site of the - 
multiple clonine site of a Bluescript vector, SR***. The 
liirated DSIA mixture was transformed into frozen coapetent 
cells of E» coll * strain BHSa prepared by the method of 
Banahan, 19B3« J. Mol, Biol . 166s 657-580. Transf oraaats were 
selected on X-Gal ampicillin plates and white and pale blue 
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colonies wore 'ooroened for their plasaiid DKA inserts* 

iBitislly / 108 transforttsots were screened for their 
ittsept DK.A sisa»- by di^estine nini-prep DSA with Hindi 1 1 end 
BawBI. ABoae.^hen. 38 clones were close to the full sise. 

* « 

These doaeji were further tested by dieestine the plasaids by 

EcoRI, EeoKV, ;.and BanBI. and conparinff the sise of the 

•"**-* 

fra.ir.i^eBt8 derived fron the 5' end 3* ends of the L-A cBSA. 
The digested ^ra^aeats were transferred fron an agarose gel 
to two pieces of nitroeellnlose paper and hybridised with *"P 
.end-labeled priaers I and II,. respectively. Anonir those 
which shewed' strone hybridisation to both priaers were L03, 
hOS. end L28. 

DKA Seqaeneing of L^A cPKA Clones 

The plasaids. L03 and LOS. have L-A cDSA inserts whose 
orientation is such tliat the 5> end of the L-A (+) strand 
seqaence ^is ASft . to the nniversal primer site in the SX*^ 
veotor. whereas the insert in L28 has the opposite 
orientation. These plasaids were digested at the Hindlll and 

* 

Apal sites' in the ttultiple clonins site of the SK* vector, 
and a series of deletions were generated vsine BxoIII and 81 

• .. .. 

nnolease (Beailcoff • 1087* Methods Bnsvaol > 155:156-185). 

*• ' ' i 

asDHas were j^N^epared' followine the protocol snpplied by 

* k M 

m - * • 

Stratageae with the followiBB Modifications. Fresh colonies 
of strain BBCfo.?* oarryine a plasnld were inocalated into 2 al 

* " ■ * 

Qt ZxTt nedina In a 50 al disposable plastic tube* enl tared 
at 8T<*C lor 2 hears « and Hid helper phaee, R408, was infected 
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at .around aoi « 10* After vigorous shaking for two boors at 
37*C, the toBperatore was dropped to S2*C, aad the shaking 
was coatinned overnight. Although the reduction of the 
tenperatore is not essential » this nethod gave a consistent, 
yield of rescned ssDKAs in a variety of deletion nntants 
constructed. Since F«-pili are dissociated at the reduced 
tenperature (Messing, 1983, Methods Engvnol , 101:20-78), this 
noilif ieation prevented re-infeotion by the helper phages 
which could eventually lyse the cells, especially those which 
have lost the plasnid during the overnight cultivation. 

For each plasnid, about 50 deletions were sequenced 
using Seuuenase following the nannf actnrer ' s protocol* The 
average reading was -400 bp. For clones in the SR"^ vector, 
the N13 -20 17aer was used as a priaer. Also, BanRI/Hindlll 
.fragaents froa 6 cDKA clones were reeloned into the SR" 
vector, and the opposite ends were sequenced using a reverse 
sequencing priner. . The DMA sequences were assembled and 
analysed using prograns of UMGCG (Devereox .at al, 1984, 
Hueleic Acids Res . 12s 887-895), IDEAS, STADBK, and FIR 
included in the "Analysis* library at the Rational Canoer 
Institute Conpnter Center at Frederick, Maryland. Ronology 
was also exaained using the FASTA (Pearson et al, 1988, Proc. 
Ratl> Acad. Sci PSA 85:2444-2446} and FPAT programs provided 
by Pavid Iiipnan, Chuck Buckler and Villiam Pearson. 

.A deposit of the cDRA clone of the L-A dsRHA has been 

V 

'made at the ATCC, Rockville, Maryland, on February 10.1989 
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nn^er aeoesslon -atiijiber 67. 888. Tbtf' deposit shall be vlably 
saintalfted, replaelne If It beeoaes non^viable, for the life 
of the pateat or a period of 80 years from the date of the 
deposit, or for 5 years froa the last date of request for a 
aataple of the deposit* wblobever Is loneer,aod aade available 
to the publlo without restriction In aceordaaoe irlth the 
provisions of the law. The Coaalssloaer of Patents and 
TradeaarkSt upon request, sball have aceess to the deposit. 

Aaons varloas utilities of tbe clone of the present 
Invention, at least the following should be noted. 

1. To • Identify factors Inflnenclne the rlbosoaal 
fraaeehlftlne that retroviruses; Inoludlne" HIV, use to make 
the sae-pol fusion protein which Is vital to the viral 
replication* 

2. To prepare particles that have a particular antigen 
protruding froa multiple sites on the particle surface for 
use In laaunlxatlon or In blolosleal- and laaonoloelcal tests. 

3* An RHA* expression' vector and as a helper for such 
an- RNA expres.s'loir vector. 
These utimies are now described. 

Use bf cPKA oiopBs of t-A lb exanlnlng factors affecting 
rlboBOBal Hfeaaeshtftlng . 

* 

• A study of the cDHA clone of the present Invention 

> • - • 

reveals that the' 4579 bp L-A has two open reading frames 

# ^ * 

(ORFs). ORFl' Of 680 amino adds extends froa base 30 to base 
2072 of the: jtr-Af-i-) strand and encodes the major coat protein. 
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A second ORP of 668 &Klno acids (0RF2) extends from base 1940 
to 4546 and encodes part of the ssRSlA*blndinc protein. The 
other .p^rt of tills 160 kDa ssRRA-blndlne protein is encoded 
by ORFl. Pnslon of ORFl and 0RP2* apparently by a -1 
translatlonal franeahift, produces the oonplete ISO kDa 
protein. A site ainilar to the site of franesbif tine in HIV, 
RSy and otber retrovirasea is found within the 143 bp overlap 
of ORFl and 0RF2 (Fi^. 3). 0RF2 also contains a sequence 
characteristic of the RKA^dependent RKA polynerasea of 
several picorna- and togavrinses (F4e* 4). 

Retroviruses t includinff HIV, use ribosonal f raneshif tin^ 
to nake a laree anount of the f ^nt ^ protein (the vajor coat 
protein of the viral cores) and a snail anonnt of the gag-pol 
fusion protein. The gag - pol fusion protein contains a nuaber 
of donainSi such as a domain that is identical to the gae 
protein itself, a domain that has the reverse transcriptase 
activity, and other protease • integrase and RBaae 6 domains. 
The retroviruaes cannot replicate unless they are able to 
make the host ribosomes carry out this f rameshif ting from the 
upstream gag reading frame to the domnstream pol readiog 

m 

frame. This must be carried out while the ribosomes are in 
the rather small region (201 bp in the case of HIV) in which 
the two ORPs overlap. In all known cases, manmaliaa 
retroviruses carry out a shift of -1 base in the overlap 
region. There are no cases yet known in which a eukaryotic 
host uses ribosonal f rameshifting in expressing its own 
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eeoes: Hftiioe, this Is a potential site at wbich the retro-^ 

• • • 

virut replication cycle can be attacked. In order to carry 

■ 

this jnit. ii 1ft, neceaaary to have a aiaple system in whicb 
the effect of varloita dra^e. host factors or other 
pertarbations on the efflcieaoy of ribosonal f raAeshiftine 
can be easily tested and deternined. 

As has been nentioned before, OKFl of L-A encodes the 
major coat protein of the viral particles in which L-A is 
found in the cell Clike gag of retrovirnses) • 0RP2 e&codes 
a part of the 180 kDa protein i9it.b honolo^ to RHA-dependent 
RSA ' polynerase^ that has sinele-str'anded RRA binding 
activity. tike the gag protein of retroviruses t the L-A 
major coat protein encoded by ORFl is made in large amounts. 
Like the peg-pol fasion protein of retroviruses* the ORFl- 
0RP2 fusion protein (the 180 kDa protein) is made in small 
amounts. .The mechanism appears to be same. The shift from 
ORPl to ORFZ most occur in the 180 bp region of overlap 
between ORFl and 0RF2. .The exact site of the shift in HIV, 

RSV and in several, other retroviruses has been precisely 

» 

determined and has been sh.otrn to occur at* the sites shovn in 
Fig. 3 Xor HIV and for RSV. The essential elements of this 
site are the,..«rei«uences , 5* UODOOUA 3* for HIV or 5*AAA0UPA 3* 
for RSV, followed closely by an Inverted repeat sequence that 
most likely functions to slow down the ribosomes. As shown 
in Fig. 3, a similar, sequence was found in L*A in the 130 bp 
overlap region.* ' The reading frame in this homologous region 
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le the sue as that in BIV nhere It trraesblfts* The ORFl 
frase in this 0 060 COA seqnence Is soch that a -1 base 
"slanitaneoos slippaee* (Jacks et al» 1088 • Mature 331:280* 
288s Jacks et al» 1888, Cell. 58« 447-458) of peptldyl 
tRSA"^«^ bound to the 600 and levcyl tRKA^*** boand to the COA 
leaves the aoa*-itobble bases of each tRSA anticodon still 
paired to the nRVA. This Boohanisn has been denonstrated by 
Jacks ,et al, pnpfa , for RSV. and is stronaly sneeested for 
other retroviruses iihich franeshift* L-A apparently uses the 
sane nechanisn for the synthesis of its fusion protein. 

Since ribosonal fraaeshif tine is an interaction of the 
ribosone and the nRSA. it 19 reasonable to use any nessaee 
construct to exanine its neehanlsn whether or not that 
construct cones fron a retrovirus or not. At the tine the 
ribosones are f raneshiftin^ on HIV nessaae* they have no way 
of knowina Mhether the RHA oaab fron a retrovirus or not. 
The yeast systen of the present invention provides easy 
eenetic nanipulsbility for host eenes • viral conponents and 
clones. 

In order to make a construct, the region at which the* 
traneshiftine occurs is placed upstrean of the beta- 
aalaetosidase aene or of a ^ene such ns IiB02 or IIRA8 or Ly52 
or CARl whose increased or decreased expression can be 
selected (Fiff. 5}. The franc is adjusted so that only if the 
f rameehif tine occurs will the downstrcan signal e^ne be 
expressed. One or wore of these construoto (Flf. 5) are 
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* . - • 

* - • * 

I 

introduced into yeast stralne and nntants. are Isolated in 
ffeaes thet bffect f raneshlf ting efficiency by eitbcr 

• • • 

inercrasiDir or decreasing it. Drnce are screened for their 
effects on f raneshif tins nsins cells containine these 
"franeshlft vectors" • A decrease in franeshif tins would 
interfere irith /retroviral replication by interfering icith the 
snpply of reverse transcriptase. Xonitorin^ the effects on 
acre than one construct makes the screening of effects 
peeulisr to one slenal gene a slaple natter. Also, other 
control co'astrudts • are prepared -in which the signal gene is 
in frame with t^e "i^pstrean region so that no f raaeshif t is 
needed for expression. Yet other control constructs have the 
signal gene in the "i-l frane. 

Use of L-A clones - to nake antigen-carrying particles for 
Innnnization ' 

Farticle-bonnd antigens have long been known to be acre 
antigenic than • ^soluble antigens (Adans et al, 1987 • Kature 
329:68-70)-.' * Dsing the process of Adans et al» gene fusions 

* 

of ORFl encoding the najor coat protein of L-A are node with 
:the jrene of the protein antigen against which innnnization is 
desired.- .The fusion is introduced into yeast and expressed. 
The particles .i^roied by the major coat protein then have the 
.protein' atftigtff^att ached at multiple locations on each of the 
particles Expression at various levels in the presence or 
absence oT endogenous* L-A virus can be used to produce 
particles bavins'' various numbers of antigen side chains per 
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particle. The DNA sequence for tbe protein antlpea Is 

m 

latrodnced at varloos sites withlo the najor coat protela 
geiie^.to deteralae which sites give the sost iaaanogenic 
particles. the particles cso be porlfied easily uslag their 
physical properties. The particles can then be iaocQlated 
to induce the desired Innune response. 

9 

Use of • l.»A ePaCA clones to express and produce a desired 
' protein and as a helper for an X cPSA^based RKA vector. . 

In the replication cycle of the L-A vims* tbe viral l-^} 
strands are an internediate. Viral {*) strands are 
synthesised by viral particles that contain the viral dooble- 
stranded RKA eenone and extruded fron the viral particles. 
They then serve a dual role: 

(X) These <•*•) strands are the bRKA that is used by tbe 
ribosoaes to nake tbe two viral proteins needed for viral 
psckaglns and replication* nanely. the najor coat protein 
(80 kPa) and the najor coet protein-RNA polyaerase fusion 
protein (ISOkOa). 

(IX) The viral plus strands are enoapsidated by tbe 
newly synthesised coat proteins to forn new virus parotides* 

This natural viral replication cycle is exploited to 
synthesize abundant anounts of a desired protein. The l*-A 
cDBA clone can also be aodlfied to encode the desired •protein 
Instead of, or in addition to» the nornally encoded proteins. 
Ve have defined and dellnited the viral reelons and signals 
necessary for replication, transcription and paeleasine of the 
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L-A Molecule. These elenals are eo«pletely locluded In the 5' 

• : • • • 

■ost 25 bases of 'the straad and the d' aost 500 bases of 
the strand (Eateban et al. 198a, PKAS» 85:4411*4415). 

Replication reqalres the 3* teralnal 30 bases and a region 

« 

about 400 bases fron the 3* end (the Internal Replication 
Enhancer). In-order to prodnce the proteins, the region 
coding for the viral proteins is replaced by the gene for the 
desired protein. The signals for transcription and packaging . 
and replication are left intact and the desired protein is 
allowed to he expressed. 

Since strains having up to 20X of their total protein as 
najor coat protein can be constrncted. the transcription and 
translation signals aornally used by the vims are quite 
efficient/ although, the method allows one to nodify and 
inprove either. 

The L-A'- cl>NA*''cflone is altered as above to contain the 
desired gene and npstrean of the Modified L-A sequence is 
placed either a yeast pj^onoter or a T7 XNA polynerase 
pronoter. This vector is then introduced into a yeast strain 
that carries a noraal L-A virus to supply the replication and 
packaging proteins. Then, the transcription of the ttodified 
L-A is turned on. The ' (••■) strands thus produced (because 
they have the packaging sequences) are packaged in virus 
particles replicated and transcribed. The {*) strand 
transcripts are translated to produce the desired product. 
. Another use for the L-A cDNA clone in producing the 
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desired protein Is as a source ^ of leree eaooDts of 
replication proteins. The normal prodnees the repXicase 
(RNA* dependent MA polymerase) as a fusion protein with the 
■ajor coat protein at about 1% of the anount of eoat protein 
alone. While this ratio may be optimal for maintenance and 
replication of L-A in' a normal host strain, it is probably 
sub-optimal for maximal copy number and expression in the 
£ki*mutant hosts that cive up to 10~20« of host proteins as 
L-A major coat protein. The mechanism of formation of the 
fasion protein is ribosomal f rameshif ting. This is an 
inefficient process and can be simply bypassed by inserting 
one nucleotide in the region of overlap between the two open 
readine frames of the L-A cDMA clone. If this clone is 
modified so as not to have the packaging and replication 
signals, the transcripts will only serve as mXBA. Thus* a 
large amount of RKA-dependent RKA polymerase can be snpplied 
to the replicating virus to increase its copy number and rate 
of transcription. 

'The invention is noN illustrated by the following 
examples: 
Example 1 ; 

This example shows the construction of a 'frameshift 
vector* using the frameshlft region of the L-A viral 
sequence. The structure is schematically illnstrated in Pig. 
6. The yeast PYKl promoter is linked to an AUG start eodon 
followed by the frameshlft sequence from the t*A virus. The 
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regitfii of trA aDftloeons to HIV. or KSV Is showa for 

• • • 

lllMtratlve purposes In but the ezaot region of L^A 

respons^llle for frue shSftlne le Inserted dnriae the 

• • • 

oonstrootion. At tbe end of the L-A franeahlft seQneace Is a 
terninatibn codon. TAA. In tbe nnshlfted fraae* so that 
ribosoaes that have not shifted will cease translation and 
not have the opportunity to shift further down'strean. The 
coll lacZ eene eacodins beta-eelnctosldase, is plaoed next 
and is in the -i frane relative to the AUG. This aeans that 
the ribosones nnst shift back one base on the nRKA in order 
to properly translate this region. Control vectors with 
beta-eelaotosidase in the original *0* frane or in the 
frane are also nade» but are not shown in Fig. 6. The vector 
also enrried replication origins and selectable narkers for 
yeast and ci^ i . The vectors are transforned into a wild- 
type yeast strain and .the levels of beta-galactosidase in the 
- *D* frane with tbe **1* fraae and the frane. The anonnt 

of beta-galaetosidase in a colony can also be estlnatad using 
plates containinf X*gal and the blue color tbnt xesnlts fron 
its breakdown by the ensyne* Cells carrying the veotor 

* • 

(the construct shown in Fig. 5) are grown on plates 
containing .a ' dmg to be tested for its effects on 
frnneshifting* . A change in the shade of blue can be used as 
a sinple qualitative screen for nn increase or deorease of 
the degree of - f r.aneshif ting. Thns hundreds of drugs osn be 
quickly screened for such an effect* Nore careful 
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^oantitlatlve assays can then ba carried oat on proaisiae 
draes asiae the slaple beta'-ealaetosidase asaay of 
peraeaKlllzed whole oelle. Siaee the yeast traaalatloa 
apparatna closely reseables that of aaiaal cells, this aethod 
caa be ased to screea aad deteralne the direct effects of 
drags pa the repllcatioa of retrovlrases la tlssae oaltare or 
in vivo tests. 

The saae strain carrylaa the fraaeshlft vector caa be 
aatagenized and plated for slagle colonies. Those colonies 
that are aore or less bine thao the. parent strain can thea be 
analyzed to detect slngle-eene antations causlne increased or 
decreased rlbosoaal f raaeshiftine. The eenes Involved can be 
cloned aad characterised and their aaaaalian counterpart 
axaained for siailar effects on translation in naaaallan 
cells. 
Exaaple 2 s 

To produce particles with realons of the HIV-1 pZ4 
protein exposed on the oat^r surface, coaatrnets aaoh as are 
ahowo la Fig. 0 are prepared. The L-A ORFl encoding the 
•ajor coat protein is faaed in fraae to the p24 gene. [In 
other constructs not shown the p24 aequence is inserted 
within the L*-A 0R?1 or at the P-teraiaas.] The expression' 
vector carrying this constract is iatrodnced into a yeast 
host. The major coat proteia with the p24 aeqaeaces attached 
foras viral particles which are thea parified in large 
aaouata by conventional methods • The L-A 0RF1«- 0RP2 fnsioa 
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proteia is* expressed separately froK a separate vector to 

• • • 

deteraioe wt^etker this fasioa protein is, as we have 
bypojthesisedt^. necessary for particle tornation (Pajinnra A 
Viekner, 1988« Cell > 69x603-671). 

The purified parttolea are used to indaoe an innane 
response or to generate antibody reagents. The particles are 

ft 

also need aa- the antigen in teats for deternining the 
presenee of antibody in serna of patients or aniaals*. 
Exanole ' 

The Ii*A ORFl and 0RF2 are fused in an expression vector 
by sinply inserting one base in the region of overlap between 
ORFX and 0RF.2. ,This vector then expresses tbe viral RNA 
polynerase. Along with another expression vector expressing 

* 

only the najor, coat protein. ORFs are used to supply needed 
prodnets to the X dsRKA-based expression vector which has all 
els sites aadessary for replication, transcription and 
packaging* using the cDKA, clone of X. the gene for a protein 
wbose production ie desired can be inserted, introduced into 

m 

yeast, regeaerktod as an RKA virus and expressed by the L-A 

m ■ 

encoded transdription apparatus. The eloning of tbe l-A 

t' • 

genone .nakea- ppi^sible supplying or nodifying the protein 

'1 " 

**"'.'. - • 

eonponehts of the LrA packaging and- transcription apparatus 

fron these ' clones in such a way as to optimise expression 

• • • • 

from the nodlfied X virus-vector. This is schenatically shown 
in Pig. 7. . - 

It jis understood that the exanples and enbodinents 



wo 90/12094 



-23- 



described herein are for Illustrative jpnrposes ooly and that 
various modifications or changes in light thereof will be 
suggested to persons skilled in the art -and are to be 
inolnded within the spirit and pnrview of this application 
and scope of the appended claims. 
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!• A DNAi segnent encoding a double-stranded BMA 
-genme of the L*-A virus of yeast, or a unique portion thereof. 

' 2 • The DNA segment of claim 1 hairing the nucleotide 
sequence shom in Figure 2, or a unique portion thereof. 

3.- The VSA segment of claim 2 wherein said unique 
portion of said nucleotide sequence shown in Figure 2 consists 
essentially of Z.-A virus bases numbered 1950 to 2028, inclusive. 

4* The DNA. segment of claim 1 consisting of a modified 
or unmodified cDKJl clone of a double-stiranded RH21 genome of the 
L-A virus of yeast* 

5. The DK& segment of claim 4 wherein said cDHA. clone 
has the American Type Culture Collection accession number 67,888. 

6. The DNA segment of .claim 1 having inserted therein 
*a sequence wherein said sequence encodes a desired protein. 

8. A recombinant DNA molecule conprising said DMA 
segment according to claim 1 and a vector. 

9. A culture of cells transformed with said 
recombina n t DHA mole&ule according to claim 8. 

• 10. A recbmbihant RNA molecule having a nucleotide 
sequence con^lementary to the nucleotide sequence of the 
recombinant DMA molecule according to claim 8. 

11. A virus-like particle comprising the recombinant 
BMA molecule according to claim 10 and the coat protein of the L- 
A virus of yeast. 
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MldtfMU*!) llLtFfTKISQDi:SSpiFSlCSDR« 
TFfAHIKtftTOFCFDILVFIIVTGVSQKFTLffi 

lfTVCFiE6$SYLC61AaCKri.TL0«6LAlOIIWll 

• • • • • • • • • 

301 A1fiA6nGmi(CKnQDS6li:i00^^ 400 

CLK$rC6IF6IAYASHATIIITSVItfY0RRVALL 

• • • • « • 
401 OATSMC AWI fbUil6Cni>CCttTlACMCTATTGCCCW 

H I N i I ATMtPVLTFafiOT SAJIBIFNTHOfillVKI 
Fcptfdi 111 vK. • 

501 i^Ko^etWMJCBkmaissxt^^^ 

KLPYTIOOTAfiPTQFAVFSDKSTOSYFDVAQFSC 

• • • • • • • • 

601 fjmimwaau(icB»ai^^ 7oo 

SFPSIOVPYLO Y t FLYVTCVIFVLIIIIIISKtfKAa 

• •••■•«••• 
701 TICIAimAGCfiATAGACTACSASSDICCCCAA^^ 

TRLAIOTCAPQLAOKFAYtHAlTVQOAIlEVICC 

• • • ■ • • ■ • 

0RTODQFlPPSSICVllLSALti:YV|INIRLY«QFYT 

• • • •C* « • • • • 

901 aGCkBUiOJicjmMaitmvkim looo 

AAQLLAqiNN K P Y P M C A g 6 T A VLHNOALYIIPK 

• R • Pflptlcfe I • * • 

1001 ATnOSSTCTATTCCASEAMBTMX ai I i I I bl I A TC*66T6AT6ai6C6n»TTCA6BCT/^^ 1100 
FGSIitfitrPFLLSO. DAALIQATALCOVSAtN 

1101 CCCBmOSTSnOOTimSATeCASSTCTCACTAflCSnMAC^ 1200 
y E I V F T Y A MQYSVALIIT6LYLtKVKICT6FGTTlD 

Psptldi It* •«•»•••• 
1201 AiaCilfiCTAISMSATfiOA bUbl 1 1 1 ICiCM CCCSttWSnCSITOICetteCA^^ 1300 

OSYCOQAFLQPCYFYQAAtACCTSQOAPLIfillS 

• • • • • • • • • « 

1301 AWCT6TAT6TDCTA7CCA6ATCnCIA6M^ 1400 
OVYYTYPDLLeFOAYTQYriTVIEPAftYIIVOD 

1401 amici ttns Twi wi ccreTOBP^TsnpmTJCAiwAn^ 1 1 w icreouutfccmcreTOSBun^ im 

lltVYV6YPYACSPYIIIFPYAAFDTARfTC6IFYI 

• ••••••• 

1501 TOAfieCTBCTiUICAWrAreiCCCTAA ^ 1600 
ICAAIKTLSK6AYYDICLEAVKLAVALIYA6YDTH- 

• ■ • * • • • * 

1601 CnC*M6!CTAT6CC6ATitt«MBBCnAJ^ ^ 1700 
FKYVGDTttfilYKFYAQieOTVTHIPEFVYDOOV 

• • • ••••••» 

uoi AmMstmosxjKjGDcmsMis^^ uoo 

MEfFVTAIEtRARilFVELPALRSPAFFRSVEYST 

IBOl Ca^ATATAT6ATACTCAT6TeCAGGCT6GrasCA^ 1900 
T1Y0IHYQA6A8AYYHASIIIL0TYEFYST6IQ 

• • • « • aPosiSbls Fraaesiifft scQHeoccs* 

1901 C6TOCTC^ATgOB6e«MOTAASMCTACimB61A blli r m 2000 

YIRA6ElKRYV6SVRItTQQ6L6YV6LTNPAYHP 

CASYSAOFRSSRSTOASCRAT 



fi • • ^ ' S m ' • • • « -» 

TGErTAGAAaEELtCqAOffLft* 
aSTYSVICrftKffOIT66QCFStVlffIEPSB6PB 

• • • • • » • • • 
UOI CCCTiCMfi6TiaWTeOgS*JTOSB^^^ 2200 

PTRTlLQCrSTTrAVIKftlftYQA'VSIQKATiF 

LFOIVPJ^AYISOFTTSDTSSFATICSIITTAYIVTA 

2301 aTOWSTTCASro^aCTATCtOTgl^ 2400 
LRFSDTTALrfQTOTlNTILSPAARIQASATrS 

2<0t AOSSraBcilfiBSTniOTArAACttlCTm^ 2S00 
QVA6FCVITPTfllDSlAltL0VDIIIIFK«FK6 

2501 HMfiGCTATJieMIMeSICTAAB^^ 2000 
LtLYriSKfTAQUNTNLRPOELVEAAAICfSPRRIC 
*•••••••«• 

2601 WlCTIOTMTCTCTCTIICn WC T ttllHaJ UOTJC^ HOO 
TYLNCfVELLA«L0YOlEAAVATILATYLTLS£ 
*• 

2701 AMATTT6TJmATTncn66ATTaAamATAT66fiTC ^ 2800 
K F V P I FLOS RAIVV^Et^PD'ALTARLKASSfiQl 

• » Protean T. » • » » 
2801 Ail6WCAT«l(PttBBCT6AniC6MC^^ 2900 

KSIHTAOfEPLTCLFELAVLlilRfiffillVSirQAElC 

• •*•••«••» 
2901 ABSATCATCecrreiUCTCOCOMS!^^ 3000 

OMRLRPOVAVVDQARLTSCYRDHFEOSICQTTICV 

30iQl TCCCmATWeTGGGATU^ACICraCAJUCA^^ 3100 
PFItTW0DTTAIRVEVVP66SVHSQYCCDI0TIY 

3101 OTCClCiMCTATiCIASaumSnCATAMTOTAj^^ 3200 
PGQYTRHICFtTYRKIIPICHKlStlllASPPEVRAWT 

• ••■«*•••'• 
3201 CSTCaiCSWWSMJOCCOCA^^ 3300 

SYIYEV£J|^q|AlY6TDkRSTLlTRFARFRCEDV 

RMA po^yMVMS • • « • • • 

tTMICFtV«DQAEAAKYNKRYIIIIIL0«ASSPCFD 

Ml TAT»T6)CnCUmiCAfiaTYCmAGCTACTATCTATA^^ SSOO 
YODFISQHSIASIIYYYLCAFROTFSRIIISDEQAE 

3501 A6GC6AT6MneG6T6TCT6A6TCC6TOIfittAC^^ 3600 
ANRVVCESVRRKVVLOPOTKEVXRLQiTLL 2^ tt 

3801 GCGSnAMXAUmATeiUttAnSTGCTAA^ 3700 
R L X T F H Vl£VAYNKLA6VF0L0DV00SVIiR§ 
RRA polj^eriSB • * , , « 

3701 wrewmmnifimcMcxacoTSABCACA^^ ssoo 

LJiYNtSLHRfSYAfRIMBANIIRliARAQPAKCIL 

• ••••••«•• 

3801 TonnawAwrouinTCiwfi^^ i6bhaiCA BTAcro(ttrw 6 i c i ifti B ciA CfcnsriiCA 3900 

FSISEFLRVEIi6IIS€606L6AQYLSRSCAYLVH 

3901 c^kB&ixiwiaMaimji^^ 4000 

SRIESREPLSVYRVRCAOQARIROLAIRTRYQS 
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^ 4001 6CSSTjUOfiCS4TMAAQUauaD6Ac. ^.tfSTSTOICTWWXnCBBASI^ IhlbUbC . ajCttiaGCICAOGBeTET 4100 

' AfTilIKEQLPKtVTKtF6V600WftDIHTAIItVC 



4m ClBBOBSroiaPBIltWWICCT^^ 4t00 
G€tST. DTWAPVCTKt ITDICAtE 1 rTClSOrSF 

4201 mfiOOkfiGSGIXMrGm«I^^ 43BD 
ttP6V«01ilTKfVKSf6CILeFlj:iK0AfAt6St 

' 4301 AfiOCattfiCfCTOAICCTAWaCTifflG^ 4400 
STIALKKKARITSKKICFAIKSeveftTIITKATKe 



4401 nTTCGCtlGICTCATJiaAIGCTAAOCTBAG^ 4500 
lAVSTtAILSKFNSIPrilAIIE. FfiQARTANQAA 

4501 CCfl6ATA6ncr64ICtAC1CCeB6C^^ 4sn 
LDSSO'PLtALQfll* c .■ ■■■ P rt wr I 



wo 90/12094 



5/9 



pcr/us9a/ioi7M 



L-A 



6CC A 
0 6 

A e 

C • 6 
A- 0 

D-A -'t4»ft fce«1 

e 0 

0-6 
6*C 
fi-C 
A-D 
D- A 
6*C 

666DASU6O6C69C«QAC0CA6CAiliailTllA6«*fi6A6AACC0ACA6 
Nftior Coat Frot - lltf 1 **>ci ^bljr lc!n rTyV? I 

6lyf j gArg fr ^0AF2«KIA potyaerasB 

A^S 

If. 6 

C*6 
C«6 



Hiv-1 mi ' 



C-6 
C •€ 
6 - C 
6-C 
U • A 

, , C*6 

6GG€CTAAg¥u0tftfTGj6AA6AU-66AA0 
9 « 9 0RF-^-A9DPb8Letf61yArff 

TcrF h«Pln ArgC la ► pol oaf 



U-A 
V C 
6-C 
.B*A 

Rsv *:i 

C-fi 

6-C 

€-C^ 

A-0 

6-C 

6-C 

CC6C006ACgATo5TA?a-06AA66IIAAA 
9 ft 0 ^ A r 9 L B 8 T b rlTaJToTc r 

I_1« 6 Ijr. • ► pol 



wo 90/12094 



ooo 



ooo 
« o o o 



GTLuU. 



OOO 
OOO 



VI era vi 

♦ 

*-0 o o 



ooo 



0J5 0 

aUCqT 



13 

O 
o 
o 

"I* 



o<>- 
•^o p 

SOS 

»-os 



•«•>->• 
<-J-J 

a.zz 
ooo 



sso 

OSS 



o 
o 

Of 

S* 



4*-^ U t/> CO 



o 
UJ tuz 



oo tu 



CO CO CO 

ozz 

**£rcoTo" 
•"OloW 

O Ul Ul 



fit: 



• Ids eg of eg o; g aa * ^ 

^ CO 



<o 



CO CO 

CO o o 



wo2 

•J Ul 




Ul 



d: 



laiao 



-£"?o1o 



sua* 



• Ul Ul lal 


111 UIUI 


•OOO 


ooo 








o->> 












M o ao 


O 0»C0 


o 0» ^ 








to 




< ca 




o 


o 


o o 


c 




oo — 




2S^ 


• o o 


wuiq: 


XO.O 



CO 



bl 



to 



fit: 
O 







CO iu CO CO 




•J 


>>> 






^ -J 




^ M 9^ 


S 


O -J 


zoo 


•J ^ ^ > 


> 


IcSi^ 


c:»Ac:r 


Ail^cS^c:^ 




loo 


ooo 


oooo 


o|» 


|o o 


ooo 


o o o o 


oU 




•-•4o W 










<o<< 










> + 




<ss 


•-••-•ss 


€9 








O 


wJ 


tA V 

2C %f9 dC 


^■^K fl^l 


O 


asiAi 


CO«J-i 


^£<XO 




skd: 


• o * * 


O 




^» Ul o 


oooo 


T 


sz 


«iblO 


•J U.*J^ 


J + 




CttOO 


OU.OO 


04- 


• o 


uzz 






• o 


blUllii 


OOLOO 


> 






^CO^^ 


O 


• Ul 






< 


• o 




<ot-> 








Oh.M5C 










s + 








>- 




- Sf£ a: 


•JCO 








• u. • • 






• o^ 

• • 


• > • • 














• o o 
















•CCN 








• • • 







c 
o 



CO 



o -az ZZZ ZZZZ 



oo 
o 



J3 — C3Tjnr 

CO <t to CO a> 



27o 
Scu 
o g 

rerg" 

toco 

o:z 
oo 



H »»Kt^t * P|« 

U->> COfi.lOCO OS 

SOO OCOOO 

ooo 5rt5"5rB" 



CO CO CO 

"szcrer 

Sieo: 
sora 

15' 



CO CO CO CO 



o 

•0 



1* 



o 

o 

fi: 



o CO oo 

'ero'o'c?' 



^ o 
d CO 

n 



o o 

C Ul 
I- XX 

o o 
OH 



^oo 

OMO 

to to 



WHO 



S^>- 



OOiClO 

o«*oio 



o 

c n 

— O.— X 

• o o 

C^XCUO 



3: 



o 



NUC 24498 



wo 90/12094 



7/9 



FcmjS90/em« 



Frameshift Vector Based on 
the L-A Virus 



Promoter .^AUGXXX^ FiPomUAinRK.\^ In-IRmme 



e Yeast and ExoOrepBcons 
and aeledable maftes 




ranscription 



This stem- loopskms 

ffbosomal movamont along 
themRKA 



A C 
6-9 




Translation start 

here sets the This sequence aDowapeptUyl 
Mlalframe andamlnoacyltRNAstottPp 
\ back one base on thamRKA 
\^ f1 frameshift evmQ v 



Translation termbiatiott 
signal in Frame *(r. 

Itfosttmnsiatlons 
J5aA..^'*ere. 



Theframeshifted 
protein secjiionca 
should bsLaiiAig 
Instead ofijaciQIy 
lor the imslillled |irolein» 



Beta-^alaotosidase 



Beaifing contlmses In Frame 
In about 1% of transtaHons 



wo 90/12094 



Pa7US9Mll716 



Pnmioter«^ LrABisjor Coal Pratebi gene- p24 gene 



RepBcatton Origin 
and selective markers 



mRNA 



Normal 
Monomers 




ranscnption 



•6 



TranslaOon 



Hybrid 
Mononm?' *6 

•6 ^ 



Viral 
Assembly 



ormal 
Particles 



[for yeast and coil 




Parfides Decorate 
wiitti antigen 



Best Available Copy 




NUC 24501 



r 



INTERNATIONAL SEARCH REPORT 

N, FCI/aS90/(n.7I6 



1 



L ctAssmcATioM or susjccr mattia « 



irc(5)r . a2H 15/00, 7/SC*5/00; C07H 15/12 
US CL>; 435/172,3. 235. 255, 320; 536/27 



e. RCLOS SCAKCHCO 



ir«S. i A35/235« 255, 320, 172.3; 536/27 



Dialog [(CAS File 1967-1990) (Biotedi FUa 1967*1990)1 



ML OOCUttCMTS COW8IOCIIEO TO M ltaCVAIlT»« 



If 



JL 

Y 



Yeast, Voliffne 4, special Issue, published 
August 1988. W. Wilson, et al Human liranuno- 
deficiency virus (HIV-t) gene expression: 
libosomal rrameshifting requires a short sequence 
and no secondarii structure In yeast and mammalian 
systems* pp. St 77. see entire abstract 

Hoi. Cell. Biol., Volime 4. Number 1, published 
January 1984. DJ. Thiele, et al. Tlultlple L double* 
stranded RNA species of Snccharmnuce s cercvisiee: 
evidence for separate encapsidation* pp. 92-100. 
see entire article. 

Cell, Volume 55, published 16 November 1988. 
T. Fujimura, et al. *Gene overlap results In a viral 
protein having an RNA binding domain and a major 
coat protein domain* pp. 663-671. see entire article. 
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particles of yeast* see Ret, No. 58368, 
Prec. Natl. Acad. Sci. USA 85(12):44t 1-4415. 
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Nf^L Acid. Res., voltmie 13, Number 5. published 
A^l 1985. J. Bnienn, et al. long internal inverted 
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1575-1591. see entire article. 
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Cell, Volume 55, published 23 December 1988. 
W. Wilson, et el. *Ribosomal rremesMfUng is 
directed by a short sequence in both memmeliim and 
yeast systems' pp. II 59-1 169. see entire article. 
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J. Biol. Chem., Volume 264, published 25 April I9S9 
T. Icho, et al The double-stranded RNA genome of 
yeast vims encodes its own putative RNA polymerase 
by fusing two open reading frames* pp. 6716-6723. 
see entire article. 
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.'PaidlLKokulis To: "TOchard Mesem' <mieserve@p6LcjMr.edu> 

^iiftftnnrviAR-jAoo cc John ^^Bwelyepstxw.edu> 

.1iy08«K)4 0520 PM Sulject Re: Diamond hmovalio^ 



DearDidc 



Thanks for the note J cafled Singer as a fbOoMH4> to 

only leave a message. He is expected back tonranroMf and hopef^ 

reasonably detailed message.. 

I wm keep you posted. 

Pad 

Paul N. Kokuis 

Morgan. Lewis & Bockius LLP 

1111 Pennsylvania Avenue NW 

Washington, IX: 20004 

PKokuiis@mofgantewis.com 

202.739.5455 (voice) 

202.739.3001 (fax) 



"i^ard Meserve" <rmesefve@pstcfw.edu> 



"Richard Meserve" 

<nnesefve@pstciw.ed 

u> 

11/DG/2004 08:02 AM 



To: "Paul Kokufis" <pkoku&$@mofganlewis.oom> 
cc: John <jlfvely@pst.ciw.edu> 
Subject: Diamor)d Innovations 



Paul — 

This note is to give an OK for your efforts to determine 
whether a meeting with Diamond Innovations would be fruitful along the 
lines of your message. I will be away from Washington until Wednesday 
night and may not be in e-mail contact until then. 
Dick 

Richard A. Meserve 
President 

Carnegie Institution of Washington 
1530 P St., NW 
Washington, DC 20005 
(202) 387-6404 



